Abstract. The indoor information of location has been used widely and it's of great significance in our society and daily life. Most indoor positioning methods are based on Bluetooth, RFID, ZigBee and other technologies. In some scenarios, especially in the harsh industrial manufacturing environment, these technologies mainly based on CSMA are often inadequate to meet the needs in large capacity, low power consumption and anti-interference. We propose an indoor location system based on wireless sensor network to reduce the limitation. It adopts TDMA as channel access mechanism to ensure the efficiency and instantaneity of the indoor location system. A reference node working in both 2.4GHz and 780MHz is designed to combine penetrability and energy conservation. We improve the positioning algorithm based on RSSI by using the K-means algorithm. The experiment shows that the indoor positioning system basically satisfies the demand in reliability and positioning accuracy.
Introduction
In May 2015, the concept of the "Made in China 2025" is put forward by China's State Council. In the transformation from the traditional manufacturing to the intelligent manufacturing, it is inseparable from the support of positioning technology with high reliability and high capacity. Therefore, the indoor location for industrial environment has become a research hotspot.
For indoor positioning, a large number of scholars proposed programs such as Bluetooth-based HALP indoor positioning system, RFID-based SpotON system, Ubisense system based on ultra-wideband technology [1, 2] . But these technologies are difficult to deploy in complex industrial environments with large-scale and high-density nodes. Indoor positioning technology based on ZigBee wireless networks has become a hot research for its advantage in low cost and low power consumption [3] [4] [5] . However, since ZigBee only uses the mechanism of CSMA, when the density of nodes becomes large, the reference node is more competitive with the communication resource. The delay caused by the backoff algorithm of CSMA will be greatly increased. So it is difficult to guarantee the real-time reporting of the positioning data. In addition, CSMA is a competitive non-scheduling mechanism leading the time uncertainty of data transmission and reception. So the nodes need to be in a working state for a long time and prepare to send and receive the packets. This is very detrimental to energy-efficient design. Low-power indoor positioning system based on Bluetooth technology and Wi-Fi technology also has a decent performance. But these systems have a common feature that the reference node is using a single open frequency of 2.4GHz [6] [7] [8] . The penetration of the signal at 2.4GHz is poor. It is difficult for high-density nodes to access to the network effectively as the frequency resource is limited.
In this paper, an indoor positioning system based on wireless sensor network is proposed to improve the real-time performance of the system, reduce the power consumption of the nodes, expand the system capacity and improve the positioning accuracy. This indoor positioning system has the following four characteristics. Firstly, the access of system is based on TDMA. It enhances the positioning system real-time performance through the time division multiple access and frequency division multiple access technology. And users can expand the system capacity according to the needs. Secondly, the time slot scheduling algorithm for large-scale data transmission is adopted, which reduces the power consumption of mobile nodes and ensures the real time and reliability of data. Thirdly, combined with the strong penetrating power of 780MHz band signal and the energy saving advantage of 2.4GHz chip, the reference node which can carry out dual-mode operation is designed, taking into account the energy saving and coverage of the system. Fourthly, it improves the positioning accuracy by using the K-Means algorithm to received data clustering based on RSSI.
Indoor Positioning System Design
This paper focuses on the design of the indoor positioning system architecture based on time division multiplexing. The designs of communication flow and slot scheduling in indoor location are described in detail, and the improved RSSI localization algorithm is described.
Network Architecture
As shown in Figure 1 , this paper designs an indoor positioning system based on WSN which is composed of mobile nodes, reference nodes, sink nodes (Sink), gateway and server. Sink is working in four different frequency bands of the 780MHz respectively. The location of the reference node is fixed. After the reference node is networked, the broadcast packet is sent according to the time slot allocated by the server to provide network information for the mobile node. As indoor wearable equipment, it has higher requirement of low power consumption. The task of the node is designed as simple as possible and working time is as short as possible to save power. The communication between the reference node and the mobile node adopts the 2.4G frequency band. And the communication between reference node and the sink node is at 780MHz. In the actual environment, door, wall and other obstacles leads serious attenuation on the wireless signal. It will affect the communication quality and positioning accuracy. The wavelength of 780MHz wireless signal is relatively long, which has a stronger ability to penetrate the wall, reducing the impact of obstacles on the communication. So the reference node and the Sink node communicate at 780MHz band.
Design and Implementation of Communication Process
In aspects of the communication protocol, since the reference node compiles information of a plurality of mobile nodes, TDMA protocol is adopted to ensure the efficiency of the communication in real time.
After the network is powered on, the four Sink modules on the gateway perform the access process. The Sink node of the synchronization source first enters the network. The other three Sink nodes need to synchronize with the synchronization source node first, and then perform the network operation. After the network four Sink nodes were working in 780M different frequency bands, and periodically send out broadcast packets. After receiving the broadcast packets of Sink node, the reference node selects the appropriate Sink node as the parent node according to the received signal strength. After the reference node is successfully connected, it will broadcast at both 780 MHz and 2.4 GHz on the time slot allocated by the server.
When the mobile node is powered on, it will listen to the surrounding broadcast packet signal. When the mobile node hears the broadcast packets of the reference node as need, it realizes the time synchronization, processes the RSSI according to the algorithm and chooses the slot to send packets. It will set the sleep time and step into sleep mode until its sending slot. After the mobile node is working normally, the periodic process of wake-up, interception, synchronization, timing, hibernation, sending, hibernation and so on will be performed every 10s.
Reference node will forward packets with the RSSI information sent by the mobile node through sink nodes and the gateway eventually to the server. Then the server extracts the RSSI information in the packet and parses the location information of the mobile node with the positioning algorithm. The timeslot assignment is shown in Figure 2 . The horizontal axis represents the frame period of 10s which contains 1000 slots with 10ms each. The vertical axis shows the radio frequencies. The colored grids means the radio frequencies in this slot are available while the blank is the opposite.
Time Slot Scheduling Design
Slots 0-99 are for 100 reference nodes to send ADV at 2.4G. The slot number used by each reference node is the allocated by the server profile. The 100-149 time slots are used for networking function of the reference nodes. The reference nodes operating at 780 MHz are independent of each other. Four reference nodes can to work simultaneously at the same time slot. In addition, slot 100 is used for synchronization of four channels. Slot 101 is used for four Sink wireless modules to send ADV in different 780 MHz bands. The 102-126 time slots are used for reference nodes at 780M to broadcast ADV. The 127-149 time slots are for the reference node in the 780MHz band on the network and maintenance.
The 150-549 time slots are for data transmission and reception of mobile node. The reference node and the mobile node working in this time slot are in the same frequency band of 2.4GHz. The mobile node sends data at its own slot. And the reference node receives packets sent by the mobile node. It can support for 100 reference nodes to receive the data sent by 400 mobile nodes in this segment.
In 550-949 slots, reference nodes work at four channels to upload data. This segment is divided by block which is consisted of 5 slots. The allocation of slot blocks is relative to hops of reference node to the Sink wireless module.
The 950-999 time slots are used as backup resource when the upload fails. The four channels are frequency-multiplexed. The reference nodes under the same channel share the slot resource through CSMA, and send the failed data before retransmission.
Intelligent Positioning Algorithm Based on K-means Algorithm
In the three-dimensional European space, if you know the coordinates of the three reference points and the distance from the fourth point to the three reference points, you can find the fourth point of coordinates, theoretically. In practice, there is a certain error due to the distance calculation. When the position distribution of the three reference points is relatively concentrated, the positioning accuracy error is large. Therefore, the choice of reference nodes should be as dispersed as possible. So this paper presents an intelligent localization algorithm based on K-means algorithm. As shown in Algorithm 1, the mobile node first receives several packets in its working time slot, which stores information for reference nodes. If the number of packets received is less than four, it would return 0. When the number of received packets is greater than or equal to 4, it will parse packets to get the location information of a set of reference nodes as RefPoint.
Step 6 to step 11 are to set the reference nodes( RefPoint) into 4 decentralized clusters by using K-means algorithm. Four centers of gravity were randomly initialized in three-dimensional European space, recording as NewCentroid. Finally, it recalculates the center of gravity of each group's reference nodes according to NewPoints grouping, and stores them in NewCentroid. The condition of the loop exit is calculated to the center of gravity convergence. In other words, NewCentroid is equal to OldCentroid. When the center of gravity is obtained, the node with strongest RSSI is selected as the reference node actually.
Experimental Results and Discussion
According to the network architecture, the reference nodes need to work in 780MHz and 2.4GHz. As CC2538 integrates 2.4GHz RF chip, we only need access an external RF chip by SPI interface. We use atmel86rf212 as external RF chip.
We chose an empty room about 15m×10m to test the positioning system. And five reference nodes were deployed in the room with a height of 2m. We set a reference node in a corner as A1 (0,0). Then we set the walls as the X, Y axis of the coordinate system. The coordinates of the rest reference node A2-A5 are (5, 0), (15, 0), (0, 10), (15, 10). In addition, we selected a series of test points for testing. The coordinates of each test point and test result are shown in Table 1 . The test results show that the algorithm can realize the positioning calculation of mobile nodes conveniently, and the average error is 0.29m in 15m×10m environment. This location algorithm satisfies the needs in real time and accuracy. It has a high application value.
Experiments found that sometimes the experiment will be a greater positioning error. The main reason is fluctuations of the calculated value of RSSI. After several measurements and analysis, the main reasons for this situation are:
RSSI will be affected by the environment. Magnetic field, electric field, wall may affect its accuracy. Results are related to the transmitting and receiving antenna, which is influenced by the angle of the antenna. Instability of the power supply system may lead to changes in the strength of the signal. In general, the system runs normally. Making use of more penetrating 780MHz band to communicate can overcome the various factors of radio frequency signal interference to a large extent.
Summary
This paper designs an indoor positioning system which has good performance in capacity and real time. Based on the wireless sensor network, the design combined with the strong penetrating power of the 780MHz band signal and the advantage of energy saving of the 2.4GHz chip. It adopts time division multiplexing and frequency division multiplexing technology. And it improves the positioning algorithm based on RSSI by using the K-means algorithm. The experimental results show that the indoor positioning system is more reliable, more practical and more conducive for energy conservation for mobile nodes.
